Background: Construction workers are potentially exposed to many health hazards, including human carcinogens such as asbestos, silica, and other so-called ''bystander'' exposures from shared work places. The construction industry is also a high risk trade with respect to accidents. Methods: A total of 19 943 male employees from the German construction industry who underwent occupational health examinations between 1986 and 1992 were followed up until 1999/2000. Results: A total of 818 deaths occurred during the 10 year follow up (SMR 0.71; 95% CI 0.66 to 0.76). Among those were 299 deaths due to cancer (SMR 0.89; 95% CI 0.79 to 1.00) and 312 deaths due to cardiovascular diseases (SMR 0.59; 95% CI 0.51 to 0.68). Increased risk of mortality was found for nontransport accidents (SMR 1.61; 95% CI 1.15 to 2.27), especially due to falls (SMR 1.87; 95% CI 1.18 to 2.92) and being struck by falling objects (SMR 1.90; 95% CI 0.88 to 3.64). Excess mortality due to nontransport accidents was highest among labourers and young and middle-aged workers. Risk of getting killed by falling objects was especially high for foreign workers (SMR 4.28; 95% CI 1.17 to 11.01) and labourers (SMR 6.01; 95% CI 1.63 to 15.29). Conclusion: Fatal injuries due to falls and being struck by falling objects pose particular health hazards among construction workers. Further efforts are necessary to reduce the number of fatal accidents and should address young and middle-aged, semi-skilled and foreign workers, in particular. The lower than expected cancer mortality deserves careful interpretation and futher follow up of the cohort.
A lthough the number of construction workers has declined in recent years, the construction industry is still one of the largest industries in Germany with approximately 2 million workers employed. 1 The structural characteristics of the construction industry with large numbers of relatively small companies, multi-employer worksites, and a highly mobile workforce 2 pose challenges in the field of occupational safety and occupational health surveillance.
Construction workers are potentially exposed to asbestos, silica, other dusts, organic solvents, and other chemicals, but also to noise and vibrations 3 and to ''bystander exposures'' present in shared work spaces. 4 In addition, the construction industry is also a high risk trade with respect to accidents, and the construction industry accounts for the largest numbers of fatal occupational injuries in many countries. [5] [6] [7] [8] Although there is some epidemiological literature in this field, the relations between mortality among construction workers and specific hazards are not well understood. 3 Several proportionate mortality ratio (PMR) studies indicate an increase in risk of cancer mortality among construction workers. 4 9 10 For example, increased site specific risks of cancer associated with skilled construction trades have been reported for bone cancer, kidney cancer, nasal cancer, scrotal cancer, lung cancer, rectal cancer, and acute myeloid leukaemia. 4 9 10 In contrast, standardised mortality ratio (SMR) studies comparing construction workers with the general population have reported a decreased risk of cancer 11 12 and all-cause mortality. 3 11-14 Some of the discrepancy between SMR and PMR studies is likely to be due to a healthy worker effect, but differences in exposure or background cancer risk might also be discussed.
In this context, more detailed analyses regarding work related and socioeconomic factors, which have not been included in most pertinent studies, would be of major interest. Such data have been collected in a cohort study initiated by our group a number of years ago. In a previous report from this study, 15 we examined mortality and morbidity among 5000 construction workers over a five year period; we found a significant increase in risk of permanent work incapacity and a tendency towards an increased risk of all-cause mortality for construction workers in comparison to a white collar control group. During the past few years, we were able to enlarge the cohort up to 20 000 workers and to expand the follow up period to 10 years. In this paper, we present the results on all-cause and cause specific SMR analyses with respect to work related (job title, years in construction industry) and socioeconomic (age, nationality) factors.
MATERIAL AND METHODS

Study population
The baseline study population comprised all construction workers, aged 25-64 years who were working in one of six job groups (plumbers, carpenters, painters, plasterers, bricklayers, and unskilled workers/labourers) and who participated in a health examination by the Institution for Statutory Accident Insurance and Prevention in the building trade in Baden-Württemberg (a state with about 10 million people in the south of Germany) between 1 August 1986 and 31 December 1992. As over 95% of all construction workers in Germany are men, 1 our study is limited to male workers. The baseline health examination is part of the routine occupational health surveillance and includes occupational and medical history, a physical examination, pulmonary function test, test of visual acuity, audiometry, and blood and serum analysis. The examination is based on legislation on health and safety at work in Germany (''Arbeitssicherheitgesetz'') and is offered to all construction workers. Participation is voluntary but over 75% of all invited employees have participated in the medical examination during the period of recruitment. In total, the study sample comprised 19 943 workers, who fulfilled the above mentioned inclusion criteria and who were eligible for follow up.
Follow up
In the absence of a national death index in Germany, residents' registration offices were contacted to obtain most recent information on vital status of all cohort members between October 1998 and February 2000. If necessary (for example, in the case of study participants who have moved within Germany during the follow up), subsequent residents' registration offices were contacted until the latest information on vital status was obtained. Workers who moved to a foreign country (n = 719, 3.6%) or with unknown place of residence (n = 159, 0.8%) were censored with date of last known residence. No follow up information was available for 116 members of the baseline population (0.6%), yielding a final study population of 19 827 men. In case of deceased study participants, death certificates were obtained from the regional public health departments, and cause of death was abstracted from each death certificate by two trained physicians (VA, UD) and classified according to the 9th revision of the International Classification of Diseases (ICD-9). Discrepant indexing was resolved by a professional nosologist.
Statistical methods
Standardised mortality ratios (SMR) for all-cause and cause specific mortality were calculated with the SAS statistical software package 16 using age (25-29, 30-34 … 70-79) , sex, and calendar year specific mortality data from the BadenWürttemberg general population (comprising citizens of German and non-German nationality) as reference. Exact 95% confidence limits were calculated with the SISA software. 17 In case of >15 observed deaths, the Poisson process approximation 18 was employed. Causes of interest included all cancer (ICD-9: 140-208), cancer of the oral cavity and pharynx (ICD-9: 140-149), cancer of the digestive system (ICD-9: 150-159), cancer of the respiratory system (ICD-9: 160-165), diseases of the circulatory system (ICD-9: 390-459), ischaemic heart disease (ICD-9: 410-414), heart failure and other forms of heart disease (ICD-9: 420-429), cerebrovascular disease (ICD-9: 430-438), diseases of arteries, arterioles, and capillaries (ICD-9: 440-448), diseases of the respiratory system (ICD-9: 460-519), chronic obstructive pulmonary disease and allied conditions (ICD-9: 490-496), pneumoconiosis and other lung diseases related to external agents (ICD-9: 500-508), diseases of the digestive system (ICD-9: 520-579), injury and poisoning (ICD-9: 800-999), all accidents (E800-E869, E880-E929), transport accidents (E800-E848), non-transport accidents (E850-E869, E880-E929), falls (E880-E929), being struck by falling objects (E916-E928), and suicide (E950-E959). Criteria for the selection of these specific causes were findings from previous reports and the number of expected cases. SMRs were calculated for the total cohort but also for each occupational group (to detect potential job specific mortality patterns), for different age groups (to detect age specific differences), by nationality, and by duration of employment.
Information on cause of death could be obtained for 84.8% of all deceased. Missing death certificates arise from the fact that death certificates have to be stored at the regional state's health offices for five years only in Baden-Württemberg and may be destroyed thereafter. Since this missing information on cause specific deaths affects only the cause specific mortality of our cohort members and not the official mortality rates from the general population, we employed the method described by Rittgen and Becker 19 to adjust for missing death certificates. Under the (quite plausible) assumption that the availability of the cause of death certificate is not related to the exposure under consideration Main messages N All-cause mortality of construction workers was lower than unity compared with the general population (SMR 0.71).
N Excess mortality was observed for pneumoconiosis (SMR 2.30) and for non-transport accidents such as falls (SMR 1.58) and being struck by falling objects (SMR 1.90).
N Relative risk of fatal non-transport accidents was highest among young and middle-aged workers, workers of foreign nationality, and labourers. N Further efforts to reduce the number of fatal accidents are necessary and should in particular include younger, semi-skilled, and foreign workers. (for example, working in the construction industry), it can be easily shown that the true but unknown number of cause specific deaths can be derived from the known number of deaths from this cause divided by the proportion of all known causes of death among all deceased participants. Table 1 shows characteristics of the study population at baseline examination. Bricklayers represented the largest professional group, with almost one third of the total study population. Mean age of the study population at baseline was 42.6 years, with highest numbers in the age groups 25-34 years and 45-54 years. Almost 75% of the cohort members were of German nationality, followed by migrants (or their descendants) from former Yugoslavia, Italy, and Turkey. On average, cohort members have worked over 20 years in the building trade. Exposure to asbestos and to silica was reported by 7.5% and 2.4%, respectively (data not shown). Data on smoking were available for 84.2%. Among these, 57.3% classified themselves at smokers. These data indicate that the smoking prevalence in the sample of construction worker was much higher than in the general population of Germany during the same period, when approximately 35-39% of all males were smokers. 20 During the follow up period 818 men died. Death certificates were available for 694 (84.8%) of the deceased. Among these, cancer (43.1%) and cardiovascular disease (26.7%) were the most common causes of death. The third leading cause of death was injuries and poisoning (12.4%). Injuries and poisoning were the leading causes of death among those construction workers who died aged 25-44 years, and accounted for almost one third of all fatalities in this age group. Digestives diseases (63 cases) accounted for 9.1% of all deaths across all ages and were mainly related to liver cirrhosis (58 cases; data not shown). Table 2 shows standardised all-cause and cause specific mortality ratios for the total cohort. With respect to all-cause mortality, this cohort of construction workers experienced a 29% lower mortality than males from the general population (SMR 0.71). Lower than expected mortality was observed for most causes of death, in particular, mortality due to cardiovascular diseases (SMR 0.59) and cancer (SMR 0.89). Cancers of the gastrointestinal system and the respiratory system accounted for one third of cancer deaths each. For cancer of the respiratory system, the number of observed was very close to the number of expected cases (SMR 1.01) despite a high smoking prevalence in the cohort and the potential for exposure to asbestos and silica dust. No excess cancer mortality was observed for other major tumour sites.
RESULTS
There was no excess mortality with respect to diseases of the respiratory system or to diseases of the digestive system. However, there was some (non-significant) excess mortality due to pneumoconiosis (SMR 2.30), but the number of cases was very small (three cases).
Injury and poisoning were responsible for 86 deaths. Among those were 16 transport accidents, 36 non-transport accidents, and 27 suicides. Excess mortality was limited to non-transport accidents (SMR 1.61) and mainly due to falls (21 cases; SMR 1.87) and being struck by falling objects (9 cases; SMR 1.90). Increase in risk was not observed for transport accidents (16 cases; SMR 0.73) or for suicides (27 cases; SMR 0.59).
Further in-depth analysis with stratifying the cohort by age, nationality, occupation, and duration of employment did not reveal any increased risk with respect to total mortality and cancer, diseases of the circulatory, respiratory, or the digestive system as cause of death (table 3) with the exception of an increased SMR of 1.51 (95% CI 1.00 to 2.30) for cancer mortality among the 25-44 year olds. When we stratified the sample into workers of German and nonGerman nationality, lower than expected mortality was observed for both groups, but workers of non-German nationality showed a statistically significant lower all-cause mortality than German worker (p = 0.01). Similar differences by nationality were found within the cause specific analysis. Stratification by profession revealed that mortality was highest among labourers for all-cause mortality and for mortality from most causes specifically addressed in this *With correction for missing death certificates according to Rittgen and Becker. 19 analysis. In particular, deaths due to external causes showed an SMR of 1.60 (95% CI 1.00 to 2.47). Finally, there was no clear association between mortality and duration of employment, either for all-cause mortality or for any specific cause. Furthermore, analysis by latency (with 20, 30, and 40 years lag time) revealed no evidence for an increased risk either for cancer or for all-cause mortality (data not shown). Table 4 depicts some details of non-transport accidents which represent an area of concern within this cohort. Relative risk of non-transport accidents was highest for workers below age 55 and labourers. Risk of fatal falls was increased for all professions in this cohort compared with general population norms, whereas being struck by falling objects seemed to represent a particular hazard for labourers (SMR 6.01) and non-German workers (SMR 4.28).
DISCUSSION
Overall, construction workers in the German building trade experience higher risk of dying due to non-transport accidents and pneumoconiosis, but seem to experience lower all-cause mortality and mortality due to chronic conditions such as cancer and cardiovascular disease when compared with males from the general population. The lower than expected mortality might be surprising given the working conditions including potential exposure to carcinogens, physically demanding jobs, climatic conditions, heavy lifting, noise, vibration, and lifestyle factors such as cigarette smoking and heavy alcohol consumption 21 and deserves careful discussion.
Excess mortality due to accidents seems to be limited to non-transport accidents in this cohort and does not apply to transport accidents as reported by Ore and Fosbroke, 22 who observed that construction workers were twice as likely to be killed by a motor vehicle as the average worker. This difference might be explained by the fact that our cohort was recruited within the building trade and not from road construction where transportation accidents pose a major problem.
Almost 20% of all work related injuries in Germany and over 23% of all work related fatal injuries occur in the construction industry. 8 The annual injury rate (non-fatal and fatal accidents) of 82 per 1000 construction workers is about 2.5 times the average rate of 34.5 per 1000 in all trade industries. 8 Similar figures have been reported from the USA 5 6 and the UK. 7 We observed a statistically significant excess mortality in this cohort for non-transport accidents, such as falls and being struck by falling objects. Other studies have not established whether older or younger workers are at higher risk of injuries. In several studies older workers were more likely to suffer work related injuries, [23] [24] [25] [26] whereas other reports [27] [28] [29] have suggested that younger workers are at increased risk. In our study, young and middle-aged men, labourers, and workers of foreign nationality seemed to represent high risk groups for fatal accidents.
The dangers of construction sites are well known and high rates of traumatic fatalities have been previously documented, 30 specifically falls from ladders or scaffolds, falls from or out of buildings or structures, and electrocutions. 10 Carpenters experienced the lowest risk for fatal falls in this cohort although they work predominantly with a risk of falling. This apparent discrepancy might be explained by their experience and awareness of the risks and safety guidelines while working on roofs, ladders, or scaffolds/platforms. In contrast, non-awareness of safety guidelines might be a reason for the high fatality rates due to being struck by falling objects among foreign workers and labourers. However, the numbers of fatal falls within each job category were very small and the findings deserve confirmation from larger samples.
The low mortality with respect to all-cause mortality, cancer, and cardiovascular disease is likely to reflect a ''healthy worker survivor effect'', a continuing selection process in that those who remain employed tend to be healthier than those who leave employment. 31 Previous studies among construction workers using SMR techniques revealed similar findings regarding all-cause and cancer specific mortality. For example Engholm and Englund 11 12 reported an SMR of 0.74 for all-cause mortality and of 0.88 for cancer mortality among construction workers in Sweden when compared with the general population. Both figures are very close to the results derived from our cohort.
Although our study subjects had been working in the construction industry for over 20 years on average (at baseline) and followed over an 8-14 years period, the current latency period might be too short for the development of cancer or other chronic health effects. The potential of effect dilution caused by too broad and non-specific disease categories must also be considered. For example, in Engholm and Englund's study 11 12 excess of cancer mortality was limited to specific sites and to specific occupational subgroups such as concrete workers, plumbers, insulators, rock workers, and sheet metal workers who might more likely be exposed to asbestos and silica. Similarly, a recent case-control study from Germany 32 reported a statistically significant increased lung cancer risk for specific professional groups from the construction industry including bricklayers, carpenters, road construction workers, painters, and lacquerers. In our study, increased cancer mortality was observed for younger workers, and the upper levels of 95% confidence intervals exceeded 1.0 for each group of cancer looked at in this analysis. Further site and age specific analysis with an extended follow up period might be warranted.
In our study, migrants from other countries experienced a 25% lower mortality compared to German construction workers. This phenomenon may be due to either a healthy migrant effect caused by a selection process in the 1960s when workers from Southern European countries with good physical health were hired to work in Germany, or an ''unhealthy re-migration effect''. 33 Our data indicate that, among construction workers, labourers experience the highest mortality with respect to several causes of death. Similarly, a Finnish study 34 reported that semiskilled construction workers had the highest mortality rate almost independent of the cause of death, but differences to other professional groups were highest with respect to accidents. A recent study from the USA also indicates that labourers experience the highest rates of fatal occupational injuries. 25 A major limitation inherent in studies which rely on voluntary participation is the potential for bias due to nonrepresentative self selection of the study members. Results from the Swedish construction industry preventive health programme indicated that non-participants of occupational safety and health screening programmes had mortality rates 72% higher than those of participants. 35 The differences seemed to be especially noteworthy for features associated with poor health behaviour such as alcoholism and liver cirrhosis. In this study, we were not able to obtain further information from non-participants. Therefore we cannot rule out that the observed mortality of study participants is somewhat underestimating the true mortality of the source population, although over 75% of all eligible employees participated in the baseline examination. Similarly, we are also concerned about those who left the construction industry for health reasons before the baseline examination took place. Another limitation inherent in mortality studies is the fact that hazards that cause substantial morbidity (but impose a low risk of mortality) such as hearing loss, and musculoskeletal and skin disorders cannot be studied but nevertheless pose major challenges for occupational health and also deserve close attention. So far, we have only been able to look at mortality data, which are often less accurate than morbidity data. Information of cause of death was missing for 15% of all deceased persons. Although the adjustment by Rittgen and Becker works well for the more frequent causes of death, estimates for rare causes of deaths (such as site specific cancers) might be less accurate. Further follow up with respect to mortality and morbidity should help to resolve some of the open issues.
Despite its limitations, our study indicates that the construction industry is still a high risk trade with respect to non-transport accidents with a large number of injuries, which are in general primarily preventable. The observed variations in fatal injury rates with respect to age, nationality, and occupation indicate the potential for further targeting of occupational safety and health measures. Further efforts to reduce the number of fatal accidents are necessary and should address young and middle-aged, semi-skilled, and foreign workers, in particular.
